ABSTRACT
INTRODUCTION
Cumulative dry matter production of maize (Zea mays L.) crop mainly depends upon the intercepted photosynthetically active radiation (PAR) through plant leaves. The efficiency of accumulated radiation interception is a linear function of leaf area of the plants, leaf shape as well as leaf decoration that influences the rate of photosynthesis and transpiration (M'hamed et al., 2014) . The total dry matter (TDM) produced in crop plants is positively related to the intercepted PAR, the efficiency of conversion of radiations to biomass and the slope that indicates radiation use efficiency (RUE) (Liu et al., 2012) . Severe reduction in plant growth occurred primarily by reduction in RUE through decline in photosynthesis under drought stress. The deficiency of water reduces the PAR interception due to rolling up the plant leaves. Upon prolonged water deficit conditions, the number and total leaf area is reduced, eventually reduces the crop's ability of radiation interception. In addition to change in TDM production, drought stress also affects leaf conductance in crop plants which reduces net photosynthesis through disturbance in rates of growth respiration and maintenance respiration. It is also the main cause of accumulation of carbon in plant roots and shoots, which decreases shoot growth more than the root growth, finally leads to reduced RUE in drought stressed plants (Ibrahim et al., 1997; Omidi et al., 2012) . RUE directly associates with nutrient concentrations and its partitioning in the leaves. Its deficiency declines the photosynthetic rate of the crop canopies, alters the plant water status and gas exchange rate by reducing the permeability of roots to water (Sinclair and Horie, 1989) . Supplemental NPK possesses positive impact on plant growth and development by changing canopy structure and its size, thus altering RUE. The expanded leaf area by nutrients application is the main determinant of PAR interception and its utilization towards accumulation of dry biomass; i.e. nitrogen supply considered as primary constituent of chlorophyll pigments that drive to maximize the photosynthetic capacity in maize plants, resulting in higher crop growth (Akmal et al., 2010; Zahoor et al., 2010) . Constant use of inorganic fertilizers in intensive cropping system resulted in unbalancing of the nutrients in the soil solution that has deleterious effects on crop yield as well as on soil health. Sole application of organic or inorganic nutrients not more essential to improve the crop productivity; therefore, judicious use of organic and inorganic fertilizers helped great to maintain the crop productivity (Randhawa et al., 2012) . Although numerous studies underlined the positive effects of inorganic and organic nutrients in mitigating the adversities of drought, while limited information is available on integrated effects of chemical fertilizers with organic nutrients on maize growth under water limited conditions. Hence, the present field study was emphasized to investigate the impact of combined use of NPK fertilizers with farm yard manure (FYM) in maize crop based on light interception, RUE and biomass production under drought stress conditions.
MATERIALS AND METHODS
The trial was carried out on sandy clay loam soil at the Agronomic Research Field, University of Agriculture Faisalabad, Pakistan for two consecutive cropping seasons (2009 and 2010) . The area of experiments was located at 73° East longitude, 31° North latitude and an altitude of 185 meters above the sea level with flat alluvial plain made by river Chenab and Ravi and with semi-arid climate. The prescribed area is specially preferred for canal irrigation system. Physical and chemical characteristics of the experimental soil were determined at the depth of 30 cm (Table 1) . Mean monthly weather data of maize crop for both growing seasons was described in Table 2 . The experiment was planned under RCBD with splitplot design in a net plot size of 3.0 m × 5.0 m. Drought stress treatments in main while integrated nutrition treatments were put in sub-plots within three triplicates. Drought stress treatments comprised of D1 = Wellwatered, D2 = Drought stress at blister stage, D3 = Drought stress at blister and dough stages; while integrated organic and inorganic levels included N0 = Control, N1 = NPK, 125-60-62 kg ha -1 , N2 = NPK, 125-60-62 kg ha -1 + FYM at 10 t ha -1 , N3 = NPK, 125-60-62 kg ha -1 + FYM at 15 t ha -1 , N4 = NPK, 250-120-125 kg ha -1 , N5 = NPK, 250-120-125 kg ha -1 + FYM at 10 t ha -1 , N6 = NPK, 250-120-125 kg ha -1 + FYM at 15 t ha -1 . Maize hybrid 'R-2331' was sown during 1 st week of August in both cropping seasons (2009 and 2010) . Single row hand drill was used to plant the seeds (30 kg ha -1 ) in 75 cm apart rows by keeping 20 cm plant to plant distance. In control plots (D1), normal six irrigations were applied at third leaf, ninth leaf, tasseling, blister, milking and dough stages. At drought stress level of D2, irrigation was skipped only at blister stage, while at drought stress level of D3; irrigation was skipped at blister and dough stages. The nitrogen (N), phosphorus (P2O5) and potassium (K2O) was applied in accordance with treatments in the form of urea, di-ammonium phosphate and sulphate of potash, respectively. All P2O5, K2O and one third of the total N were applied at the time of sowing, while remaining one third N was applied two times 15 days after sowing and at tasseling stage. Crop was harvested manually on 2 nd week of November during both years.
Fraction of intercepted radiation (Fi) was estimated from leaf area index using the exponential attenuation equation suggested by Monteith and Elston, (1983) ; Fi = 1-exp (-K × LAI). Where, K is an extinction coefficient for total solar radiation equal to 0.7 for maize (Lindquist et al., 2005) . Photo-synthetically active radiation (PAR) was assumed to be equal to one half of the total incident radiation (Szeicz, 1974) . Multiplying this total by the appropriate estimates of Fi gave an estimate of the amount of radiation intercepted by a crop canopy (Sa); Sa = Fi × Si. Where, Si is the total amount of incident PAR. RUE for TDM and grain yield (GY) was calculated as; RUETDM = TDM / ∑Sa RUEGY = Grain yield / ∑Sa Leaf area was measured by selecting ten plants at random from each treatment at a regular interval of 15 d. The sampling was initiated 30 days after sowing (DAS) and terminated 90 DAS. Fresh weight of separated leaves was recorded at each sampling, and a sub sample of 30 g was used to measure the leaf area. Leaf area was determined by length-width method; Leaf area = Length × Width × K. Where, K is the correction factor with a value of 0.75. Then leaf area index (LAI) was calculated by using the formula; LAI = Leaf area / Land area. Leaf area duration (LAD) was estimated as; LAD = (LAI1 + LAI2) × (T2 -T1)/2. Crop growth rate (CGR) was calculated by the formula of Beadle, (1987) . CGR (g m -2 day -1 ) = (W2 -W1)/ (T2 -T1); where, W1 and W2 are the total dry weights at time T1 and T2, respectively. Net assimilation rate (NAR) was calculated as; NAR (g m -2 day
) was determined at a regular interval of 15 d by selecting ten plants at random from each subplot. The collected samples were chaffed, thoroughly mixed and oven dried till 70°C to get dry matter.
Recorded data were analysed by "MSTAT" statistical computer package. Upon significance of treatments' effect (P ≤ 0.05), least significance difference (LSD) test was used to compare their means (Steel et al., 1997) .
RESULTS
Drought stress and integrated nutrition levels in maize crop during 2009 and 2010 significantly influenced the leaf area index. Initially, slight change in leaf area index was exposed, but progressively increased with the advancement of the growth period and reached its maximum value at 75 days after sowing (DAS), thereafter disposed to decline gradually. At 30 DAS, drought stress treatments caused relatively confined variations in leaf area index while became wider with the growth improvement. At 75 DAS harvest, the maximum values for leaf area index was attained from well watered plants that inclined to drop with decrease in irrigation regime; therefore the lowest leaf area index at same harvest was observed by imposing drought stress at blister and dough stages during both years of study (Figure 1 ). Integrated NPK with FYM considerably improved the leaf area index during the whole growing season; however, the highest leaf area index at 75 DAS harvest was produced by the crop that fertilized with 250-120-125 kg NPK ha -1 along with FYM at 15 t ha -1 and followed by 250-120-125 kg NPK ha -1 + FYM at 10 t ha -1 during both years. Contrarily, the minimum leaf area index was found for the crop grown without nutrition. Sole application of inorganic nutrients at 125-60-62 kg NPK ha -1 at the same harvest significantly reduced the leaf area index as compared to its integrated use with FYM ( Figure 1 ). The interaction effect at all harvests was considered statistically non-significant. A substantial increase in leaf area duration was depicted in well-watered plants, that was followed by drought stress at blister stage and drought imposed at both blister and dough growth stages during 2009. A similar trend appeared during crop growth period of 2010 ( Figure  2 ). Among integrated plant nutrition levels, significantly the lowest leaf area duration was observed from control plots while the highest leaf area duration was recorded from the plots receiving FYM at 15 t ha -1 along with NPK rate of 250-120-125 kg ha -1 . Plants subjected to only inorganic nutrients resulted in poor performance, while addition of FYM to the growing crop significantly improved the leaf area duration during both years ( Figure  2 ). Drought stress led to considerable decline in crop growth rate; however, maximum decrease in crop growth rate was observed when crop plants exposed to drought stress periods at blister and dough stages. Among integrated plant nutrition treatments, crop fertilized with 250-120-125 kg NPK ha -1 along with FYM at 15 t ha -1
improved maximum crop growth rate followed by the 250-120-125 kg NPK ha -1 plus FYM at 10 t ha -1 during 2009 (Figure 2 ). The same trend was observed in next year. Contrarily, the minimum crop growth rate was recorded from un-treatment plants during both years. Both, the drought stress and integrated nutrition levels showed a significant effect on net assimilation rate of maize during both cropping seasons (Figure 2) . A positive linear relationship was found between net assimilation rate and irrigation regimes. As the drought stress reduced, net assimilation rate was improved and maximum was observed in case of well-watered conditions during both years. The mix use of NPK with FYM at higher rates of 250-120-125 kg NPK ha -1 along with FYM at 15 t ha The results referring Fi showed that interactive effects of drought stress and integrated nutrition rates were significant during both seasons, as the maximum Fi was recorded with 250-120-125 kg NPK ha -1 along with FYM at 15 t ha -1 under no stress which was statistically at par with 250-120-125 kg NPK ha -1 plus FYM at 10 t ha -1 and 250-120-125 kg NPK ha -1 during both years. Under drought stress, either at blister stage or at blister and dough stages, integrated use NPK rate of 250-120-125 kg ha -1 with FYM of 15 t ha -1 responded well in giving maximum Fi during both years of study (Figure 3 ). The effect of drought stress and integrated nutrition levels was significant in influencing the accumulated PAR during both cropping seasons. The maize crop grown under wellwatered conditions had maximum cumulative PAR. Contrarily, the lowest cumulative PAR was recorded for maize crop under stress conditions of blister and dough stages. Considering the integrated nutrition rates, increased level of integrated nutrition caused a progressive increase in cumulative PAR as maximum was recorded by the crop when fertilized with 250-120-125 kg NPK ha -1 plus FYM at 15 t ha -1 in 2009 as compared to the crop grown without any nutrition. Similar trend was also observed in 2010 as well (Figure 4) . The interactive effect affecting cumulative PAR was non-significant. Seasonal trend of TDM production was significantly affected with drought stress conditions ( Figure 5 ). At the harvest of 30 DAS, the TDM accumulation was lowest that increased gradually with crop growth; however, the maximum accumulation of TDM during both years was recorded at 75 DAS harvest with no drought followed by with drought stress at blister and combined at blister and dough growth stages. The plants fertilized with inorganic NPK along with FYM disclosed better performance in improving TDM accumulation. Significantly, the maximum TDM production was achieved with higher rates of 250-120-125 kg NPK ha -1 with FYM of 15 t ha -1 at 75 DAS during both years in contrast to control plots that showed the minimum TDM production at all harvests ( Figure 5) . A linear and positive correlation was found between TDM and cumulative PAR. This correlation was supported by regression model and showed the great dependence of TDM on radiation interception under drought stress and variable nutrition rates during both cropping seasons (Figure 6 ). RUE of maize on TDM and GY basis was significantly affected by drought stress and integrated nutrition levels, while insignificant for their interaction during both years of 2009 and 2010 (Figure 7) . A linear suppressive effect of drought stress on RUETDM and RUEGY was found significant during both years, as the higher RUE was recorded with no drought stress as compared to the drought stress at blister or at both blister and dough stages during both years. In 2009, among integrated nutrition levels, the maximum TDM and GY based RUE was shown in case of 250-120-125 kg NPK ha -1 along with FYM at 15 t ha -1 treatment, while the lowest was in the case of no fertilizer application. The same trend regarding integrated nutrition effects on TDM and GY based RUE was observed during 2010 ( Figure 7) . 
DISCUSSION
Accumulation of dry biomass, radiation interception, its use efficiency, and other growth related traits i.e. leaf area index, crop growth, and net assimilation rates considerably affected with drought stress; however, supplemental NPK with FYM helped more in improving the growth and development in maize. The reduced leaf expansion and its growth duration due to drought stress is a detriment to decline in photosynthesis by dropping transpiration efficiency (Gustav et al., 2008) . Taiz and Zeiger, (2006); Farooq et al., (2009) reported that plant growth depends on cell division, differentiation, and its enlargement, also includes physiological, morphological and biochemical processes which are influenced by drought stress. Also, cell elongation is considered to be most sensitive physiological event which can be obstructed due to reduced turgor pressure through interrupting flow of water from xylem towards surrounding cells, eventually reduced leaf expansion, crop growth and net assimilation rates. The decrease in leaf area duration due to a notable cut in leaf area index because of small sized leaves production under drought stress conditions (Hussein et al., 2011) . The results of present study specified that application of FYM in mixture with inorganic NPK improved the growth performance of maize. The higher rates for NPK (250-120-125 kg ha -1 ) and FYM (15 t ha -1 ) produced maximum leaf area index, leaf area duration, crop growth rate, and net assimilation rate. In fact, the incorporation of FYM with inorganic nutrients enhances the growth of leaves, chlorophyll contents and assimilation capacity of plants through better nitrogen absorption and its higher photosynthetic efficiency; thus improving the leaf surface area (Ali et al., 2015) .
In current results, reduced irrigation regimes significantly decreased Fi and cumulative PAR. The decrease in radiation interception under drought stress conditions might be the result of decline in leaf surface area due to rolling of leaves. It has also been reported that decline in leaf area index, Fi and cumulative PAR is due to impaired canopy development, accelerated leaf senescence and changes in orientation of leaf (Hayatu et al., 2014) . As analysis specified that the integrated use of NPK (250-120-125 kg ha -1 ) with FYM (15 t ha -1 ) imposed significant impacts on accumulated PAR in well-watered as well as drought stress conditions. The maximum cumulative PAR via promoting leaf expansion by application of FYM along with inorganic NPK attributed to higher availability of nutrients through favourable moisture regimes in the soil rhizosphere due to efficient use of nutrients from faster mineralization of FYM. Its application and incorporation reduces the evaporation demand possibly due to softness of the root zone by manures application that leads to more root proliferation in the soil to meet the plant water requirements (Khalili et al., 2008; Khan et al., 2009 ). Several reports also described that integrated nutrient management of NPK along with FYM considerably increased the crop growth might be due to higher accessibility of nutrients to the plants besides of increased biological properties and water holding capacity of the soil. Furthermore, the deficiency symptoms of secondary-macro and micronutrients were prevalent on crop plants through alone application of NPK without FYM (Sohu et al., 2015) .
Indeed, significant influence of drought stress and NPK fertilization with FYM was exhibited on TDM production of maize. The decrease in dry biomass accumulation by means of drought stress conditions was more evident in present study. The reduction in TDM production due to moisture stress is reliable with the stomatal closure, leads to reduced CO2 fixation, therefore decreasing cell division and enlargement finally restrictive to cellular metabolism (Jones, 1992) . Increased TDM production through combined inorganic NPK and organic manures might be due to slow release of nutrients from FYM, helped more in decomposition of organic manures by microorganisms, thereby enhanced the availability of nutrients that leads to protein synthesis finally resulted in higher TDM production (Uikey et al., 2015) . The differential behaviour of maize regarding dry matter production in response to availability of nutrients could rise from variation in cumulative light interception by the canopy, RUE and partitioning among different organs (Quanqi et al., 2008) . Furthermore, TDM accumulation in relation to PAR was also confirmed by regression model. A strong correlation between TDM and PAR was observed under drought and integrated nutrient management. R 2 values for TDM under drought stress were 0.99 and 0.95 during the study years of 2009 and 2010, respectively; while were 0.96 and 0.92 under integrated nutrient management during both years.
RUE indicates the crop biomass accumulation relative to the light interception. Variations in TDM based RUE attributed to change in radiation interception which is a key function for the production of dry biomass (Scott et al., 2003) . In current study, a progressive reduction in RUETDM was ascribed with drought stress, as decrease in RUETDM might be due to decline in canopy photosynthetic efficiency as a result of leaf senescence by means of drought stress (Bat-Oyun et al., 2011) . Integrated use of inorganic NPK and FYM caused a positive change in RUETDM because of increased dry matter production through quick leaf area development by maximum interception of incoming PAR. This rapid growth contributes towards a fast coverage of ground surface, capturing of carbon, ultimately favoring plant growth (Hamzei and Soltani, 2012) . Maqsood et al., (2014) also reported that higher availability of nutrients to plants in the integrated plant nutrition system due to a faster mineralization of the incorporated organic matter in the soil leads towards higher RUETDM.
In our results, significant differences in RUEGY were reported by drought stress and integrated use of NPK and FYM. A considerable decline in RUEGY of droughtstressed plants was due to fact that drought reduces the length of development stages, decreases the grain yield; finally drops the RUEGY. A notable cut in RUEGY by imposing drought stress conditions was because of the injury in metabolic factors as per decline in chlorophyll pigments (Azam et al., 2002) . Improvement in biomass accumulation by supplying enough water and fertilizer strongly associated with grain yield. Tewolde and Fernandez, (1997) ; Crecchio et al., (2001) described that balanced nutrition management of organic and inorganic nutrients improved the nutrient mobilization and contribution of nutrients to various vegetative and grain filling organs and active role of organic fertilizers in promoting the soil biological activity, finally enhanced the RUEGY.
CONCLUSIONS
Radiation interception, its use efficiency and biomass accumulation were markedly influenced by low water availability however, combined application of NPK and FYM showed a considerable impact on maize growth under water deficit conditions. Significant and positive change in Fi occurred with integrated use of NPK with FYM under well-watered or drought stress conditions. Regression analysis also proved that PAR is a key element for TDM accumulation under limited water supplies. Integrated NPK of 250-120-125 kg ha -1 plus FYM at 15 t ha -1 were noted as the best rate to achieve high RUE and maximum biomass production in maize.
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